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SECTION I

AB ST R.AC I

A two-step progressive polishing process was developed
to reduce the surface roughness of beryllia substrat es
to less than four microinches center line average .
Commercially avai lable beryllia plates conta ining 99.5
percent beryllia could be used as the input material ,
Scale -up from a twelve inch diameter labora tory polisher
to a manufacturing -scale twenty-four inch diameter
polisher was demonstrated. Dicing was used to produce
the small 0 .080 inch x 0. 110 inch substrates from a
polished 1.0 inch x 1. 0 inch plate . A Pi lot  Run demon -
stration achieved the production rate objective of 1000
substrates per week of each of three sizes of bery lhia
substrates. Literature values , which served as the
basis for Specification SCS-472 , were generall y confirmed.
An exception was the dielectric constant which required
a minor revision of the minimum -maximum range to 6 .6 - 6.8,
especially for the higher test frequencies of 1 GHz and
10 GHz. The volume resist ivi ty values ~enerated in this
program also required revision from 10 to 10 13 ohm-cm
minimum specification when measured at 100°C.
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SECTION II

- PURPOSE

The purpose of this program is to develop the production

eng ineering measures to manufacture beryl lia substrates

of which the working surface shall not exeed a four

microinch surface smoothness by progressive polishing

techniques. The input material w i l l  be commercia lly

available bery hlia , the composition of which shall not

be less than 99.5~, BeO .
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SECT ION III

INTRODU CTIO~J

The work pert urmed under Contract No .DAABO/-/4-C-0606 included the

prepa ration of Eng ineering Samples , delivery of Firs t Article units produced

on manufacturing -scale equi pment , and a Pilot Run demonstration of the capability

ut producing 1000 units/week of each of three substrate sizes by progressive

polishing. The inpu t material was commercially available Thermalox 995

bery ll ia plates , the composition of which is 99.5~. BeO or greater. The

objective of the program was met in polishing the working surface of the

bery lhi a substrates to a four microinch surface smoothness or less .

The scale-up from Engineering Samples prepared on a laboratory polisher

to the First Article and Pilot Run units produced on manufacturing- scale

equi pment was accomplished with a minimum of problems with no major changes

in the process.

Test data were obtained on the manufactured samples or on special test

specimens made from the same lot of bery llia powder and subjected to the same

therma l history . Testing included the meas urement of physical , electr i cal ,

V and therma l properties of the polished substrates or the special test spec imens .

‘-

~

-—-

~

-

~ 

-- -—~~~~~~ ~~~~~- - -—-——— ~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~ U e uIU UIUU U UU lr~~a ,~~~~~~~~ -V 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

S LCT ~~ ’, V -
~~~~~

£ F ~~~ I~E i~ l: ‘-1r ;4~

- 
I -; . 1 ~~~~

= I i~~
V t Ofl ( i ’ I •-~~, -~ t r fP p V . ~V :~ .h-~ 11 t 1i , r i -  ( . 5  t n i f l

( ulIu~- l V r -  ~c l l l~ a v i l i T i L i m . nri~V t i , ; ’  ~9P f i - y l l ia  or i,s

nn-;,lI r , t  ~ ( - i i m l~~ f .~ t Pu inpur u~ .c r - 1 . ~~ Chui~iicufly, Th

)~ r~~n * i 0 . 1 m m ’  III üf . ~ t u - r  l i i  ~i -~ ide v: I l.h ~.he pc i ri 1 p1 ]

ui UH- -~ h~ 1i~ : a l d i t i o n  ~ in~~ - i i n’~ -i r ui  o m l i uri ox idu s .  h~ - u n ’  iaf ly

d V - T i u b l e  1. ) in . 1 . 1) in . ‘oH 2.0 in . ~ 2 .0  in . beri l lia  p la t i -  have

-3 5 I C ~ ~ r - ; - j t ! r i f ’ u ’ - . -
~~~ H~ l5 ii ro ~n hes ~ t O ’  ~ S — t i i r . n -3it i o f l

rO om op to 0. O0’~ ro P s  ~pr 1 i r n r -  i r c h  .- i s t c  as a (lelorrent to

r io  u -n t i re  s n  f i - ~ C .

11 n d - i ca l  su i~’ -i - - of qas bui r’~ no pu r i s  had boo n rna (h1 ned u’- i nq di amond

i r i n i l n O  and 1
~ h-P~~Y meto ndu IOi 1 1 . T , Char les Stark Draper

Labu ra~.ury . 0ou r ra c ~- I n  n - n~ had ob~ a ;ned c y l i n d r i c a l u u r f a OS w i t h

.0 i i i -  (uiflOh i’~ntc r  l ine a vo  ru~~ (c l~~).  Flat sur faces of gas bea ring

i.lr t.~ ha1 hoc - ri s i n i 1 . n lj . - h i n e i  to a inis h of CE A 2.0 m icro i rches

hi r e  no t i m - shop . ~ k1 j r  qav o ev ide r e of t he ‘pc h n i c a l f nas ih i l it y  o~
pol ist i r l 5u t , t m a t r ~ . , P ~L no indica~ j o  of the processing costs was

a V I ’  I api - .

fh r I l u  5IV~ bV ~~~~r O 1 V V V are c i a s ~ Fe d  r i o  Ty pe A , 1-toe B , or Type C

~~ t ) t ~~’ 1 V  ~ ~h d l H E ’ f l s m  •~~ .h cn-ci ~ I T hip I.

T i L i . b I

Dill - V I ~~~~~ - Or - I h~

Al l  dl. - ’ ri s ions in 1I1CI IOO

T ypo ~ -~ 
I h 31 t h 1h i c. kne s s

A 0.UoO 0U~ 0 .110 .OOi 0.010 .002

C 1 .1! .005 1.0 . 0 0 .  0.025 .00?

C 2. i- .~llfl 2 .0 110 0 .1)40 ’ .003

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—, — V - 
~~~~~~~~~~~

V -V-V V. ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ,—- - - — - -.- - -

— 
-i —

T i  ,i ’,~~f I * ~~ . i r ~~j i  i 0 * -  ~l ~ - ~ ‘ - i i r ved b~ l a j u i r m y  or -1 c~~irnny

the s L r ~~a t’s f ) . t n 1  
~ i~ ci . I i ,  15 i~ - 3 ~~~t I i I ( t i V ( ’  j I~~ 1 -~~ r s s i v -

~~~
- p ~~~~~~~~ ~ -

- 
~~~~~ ~f 5 ; ~~~~~ j r : 1 - 1  ‘

~~~ ~~~~~ 1C * V i f l h , ie~~ m i ri g on

FPF . coir V .
-, or - ; r i ’ (3 0 - - u I r .’ - j ~~O - r i  This st t e— uf - th e - , r- t

l I r - i t i t lon m.~~ c h r - i r r - l  by  t ) ~ ,
~~ 

0] i s h i r j r’ .1on-wo~~ inq sur f ac e

S S i  o h  I t  11 ,~: i ,r ’I n i s u ’ . f rm -~ p l a t r * s  0 ’  then inver ted in the

~o l i s l i r i ’ I  i r q  - m m d  t i m-j r h i mi g sur face v/as polis hed w i t h  six micron

d i m i ’ - o r - I  j u t e .  Both s m l r f i c  no had a surf ace f in ish of ~-€ i - i i c r -c- i n r hes .

Po l i sh  n j  of t h -  w ork i m p  su - t ,ce wi th t h ree m ic ron diamond paste achieved

the obj i -  ti in o f  t b  
-. ccc  l i l t . Co ns - ’q urn t ly , the amount of ma ten a 1 to be

remove l and nd i s h i ng  t im e W e r e  d ’ c r ’er I- ;ed , e .g .  , th ic kness of the input

p1 a t.~ ‘or T 1-~~r C s i b ’ . tra t o o-. was f r 0  ren-~ou t euro 0 .04 7 i ri . to 0.044 in .

in the nu r~ o 0 ur ine  ~s devel dr ied - D imensions of the as — f i  red

inpu t her’y J 1 ~ a p la~~ ’ a o o -  given in ~ ih i e ii . Type A parts  mere produced

b y d i c i r m ; or s , iw inq of 1 .0 in. x ] . f )  i n . pol ished p lates , eac h of which

y ields 63 Type A substr .~tes. Typo B in p u t  p lates or substrates rejected

fo - , j b- d i ~-ens nai thickn 1 -~s could be apped or mac (lined to s u ; p y

Type A input plates to improve the overall yield.

TABLE II

DIMLN~. IONS OF I NPHT PLATES

All dimens 1 )10 in inches

~/ pe Length W id t h Th ic k n e ss

.4 1. 0 .005 l .O t .005 0.013 .002

B 1.0 .005 1.0 .005 0.029 .002

C 2.0 010 2.0 .010 0.044- .003
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As -fired l ii . r a l - ~ ~h in r u l y c r j — t a ] l i r i - te ’ - i l l i i  at  10 _ S C i t

t neor t l  al h-n .i~~,. It is av a i l a b lo  w i l l  am-i a v e r - m i -~ r r l 1 r r  s u n  of 8,

1? , 0I  18 mic ros . Ten sa mples of - 0im q ru  u s i i -  W . * e  t m - l i -  r I d  ni t h

S I X  m i d - t m  d i .o: c.rlmi i~ i S t - . T he aver age Su r 9 a - fin ish v/ iS f ive mic ro inc hes

for each of tu e th r ee gra in s izes , e l i m i n a t io n  I / u S  v a r i u l le  f rom fu rth e r

considera t I g O . The 12 ci  e r r O l  j ra 1(1 S lie Th .. mmi i lox qpp p 1 f e  w as se l ti-h ,

therefore , he (au~n i~ is t he sta ndard rind s l i : m h t l v  less ccs t i y input

mater ia l  tor po l ish ing.  Grai n S i / i -  ~5 rio t m~~fc t e d  by pol is hing,  so

the product sub stra tes have grain site s of 10—12 microns.

4 .2 Equ i j no rm t dnd Tool m m

La pp i rig m~ pol i oh no tes to to develop the process were per t orm -ed n a

twe lve i n c h  di tum e f r -mr mini t w anufac t red by :-,rr dfa Inc . The Speedtam 12

is 20 in. ~ lb in . ari d 14 in . h i P  - Ii- ha~ an electric motor and drive

mech an ism rot at in~ a 1? in . diame te r wheel .~rm d up to four 4 1/2 in.

inside diameter rin gs con tainin g the carts to be polished. The rin li s are

dri ven f rom a wheel on the center shaft; they remain stationar -y but

rot atirui by four idler .-iheels. The m achire is equipped with an electric

timer and switch . The I-i d-ee l speed is 87 rpm , whic h was fixed by the

manuf acturer as the compromise between mate rial removal rate and loss of

abrasive paste by centrifugal action . The rotating wheels or laps are

iiade of steel with a sp iral groove surface design for use with diamond

past e . Because the diamond tends to inipreqn ate the relatively soft

spiral groove whe~1 , the wheel must be used for one grit of abrasive only.

S i r m r .e the Type A input plates ~re thinner and more fragile than Type B

and Type C parts , special handling is required. The Speedfam 12 unit

is used for production of Type A substrate s to  minimize breakage losses .

~~ “ —---.V&’ _ V
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A S pmtndtmr i t o  - j i m  a 2-t in . d l u i t t c  I i  P ing mit - is insi. i1l~ .1 1

Brus h NeUm an Inc . to , ld P lug ~~t I . -r / l h a  a t S  tm i r i i p r - r - i m - ’  o r l r f m l.

flat ness or riretu l ii~bi Ii t.y. The SOe I f u i  3 i l l S  f i i A r  ‘ - i r i s  f i r  W r r ~

holders , each n i t  in 1 qu adran t o~ ‘lii jio l i - - P ing vilit - I . Each n in o h eld s

52 of t h e  Type P p la tes g iving a (cpa i ty ~ur 208 c i b s t r i t s per j o ]  ishi l ig

c/ i  le . Full y loaded w ith ypi’ C ili t. s qiv ec 40 O i b ~ tn m t eS per cyc le .

Em h mm  ri~~ rotates about i ts ax is whi le the spi no] gro ove pal i shing wheel

rotates independently at 87 rpm . limo auj i led closure can he varied w i t h

four adjustable hydr auli c ra m s.

For dicing of the  polished 1.0 in . x 1 .1) ir . . x 0.010 in. subs t ra te , the

parts are  mounted on a master saw board by heatin g and mel ting Dehhu tin sky

cement , posi tior iin cj and aligning the pa ’ts , and cool inq the c-c ent.

A Brown and Sharpe Surface Gr inder or a Do— All Gr inder is equipped with

a seven inch diameter diamond edge saw blade wi th a feed rate of 2.5 inches

per minute at a machine speed of 3200 rpm .

The Pilot Run was performed in an ex i stin g fa cil i t y of Brc :h l~e11ma n Inc.

The polishing area is 17 ft. x 23 ft. i n  wh i h the Speedf im -i 12 and

Speedfam 24 units are located . The area is also occupied by a Speedfam 32

polishing unit , but the floor space would riot he dent-eased much by

excluding it. Four working tah !es for clea ni n the s u b s t r a t e s  and for

performing in-process inspection are located in this working area .

The existing dicing area is adjacent to the lapping and polishi n g area

of the Brush Weil m an Inc. facility . It has a group of hot plates on a

-~~~ table for mounting the polished substrates un the master saw board . The

same equipm e nt was used for removal of diced substrates. An area for

cleani ng parts after dicing provides a sink and table with an air dryer.

.d-1_i_. --V.-- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~~_ ,----- ~ -— -  — V  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - — - V  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~
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hi I - tic , - .1 it I t I !  Vli l’, per t  o c r  - I  a a D’i — n j  ocr I roir m — in a hoode d a r c -a

w i ~~ ‘ t o -  r i ’ . - c . S m r y  v e r c t i l r t t ion . [rim- . too -I also cont ains a

Brc .-i r r t i i i~ - ‘ c r  i. L .  a o (~r infe r , w h ir P is a l , c capabl e of perfor og

m c ;  o r ’  - c ~~i ii . A r e t  k ~-d I t i r  i n— p r i cess i i ncs ur rmwem t , and

ri , ~
. ? h r , 5 ~~J 1 t I c . F i flOr space jr th~ d m c i n q  area is 14 f t .  v

• - o h i 1  I ,’ - , t f s l c ’ s  f i r  rai.- - ’ m - - c ’ n t  of nial - r ia l  arid person nel

~ep lt tl ’~~ t o’-,t~~ ‘
~~~~ tI-i’ ; c c i l i  c i t h :  mmm d d Ir j i m ; equipmen t m 4 - e d  in the

P 1 1  Run inc I I. -

- - r’ .-dtai i  12 w i t  2 op-i ral wt i - ° ls  $1 ,985

~ c i h ~~ irii 4 w i t h  2 spi l l -du - c - l s  13 ,835

Do— Al I fl~ i c l c - r  24 ,500

t-t r ’ T , - r  S W  01- rd ~~
‘ le t. hot pla tes 500

Cl - m i i r q  t an k fi r ~iok and tab les 300

H o d  t i c ( mO m m l  v o m i t  i hit ion ? ,500

TOTA t 543 ,620

The tot0l cost - f S’H ,t 20 does not includ e any i m u t - t i on  of the central

ventilation , scrubbers , ar id bag collectors for protection of employees ,

nor the cost of that portion of the building it whi i the polishing and

dicing areas are installed. All equi cr ium i t and facilities used in the

Pilot Run are o~’ned by Brush Weil m a ri Inc.

4.3 Process V ar i a bles

The ori g inal c.oncro t of the processinq steps to rm 1 m m m i t r m c t c r r  super f ine

finish I r c a y  I ]  ia ill li j i l - il the fol lowinq:

A . Lap or ma ch i m -’ input p la tes  to provide f l i t , d m t . 1 1  lel - - t i r f a n e s .

B. Poli sh t o  restore as— fired surface finish .

C. Pol ish wi ’h t micron diamond m~ s t P .

P. Po l is h  w i t h  3 m i ic rn n diamm i ond p a s t c ’ .

F. Polish wi t fri 1 mi n ,- nrc di imr r o l i i l  paste .

F . flicinq i f  Typ e A smih ’ t r a t e s .
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La pp i r c t p c i - s u r e  r i  i m r c - , c lo r g w i t h  the L ; r l t size and material in the

abrasive , were Vdti d blE ll , in removing irma tor i a ]  H obtain f l at , parallel

surfaces. Wi th ?4G and 320 gr i t  ~il i con can i n e  and wi th 320 g rit. boron

carbide abrasi v c a~ thu rate of r i - i -- ova l nf bery ll I u rn oxide was about

0.0015 .0005 in ./miri . ir m ric t endent of the pressure from weig hts added

to the polis h in g r inq . Lapping w ith these abrasives increased the cost

Ut b e r y l l i m u m  c I J i -  lost to waste  and required ti g h t  con t r o l of the l a p p i n g

t i m m i e tm o b t a i n  ~hn required thi~ kncss of the substrates. The coarse

abra siv e ; tmmìd th e alvers e effect of increasing the surface roughness

tom 30—40 rm u i c ro i n mh e s .

At f e - - pt  s to ~~ i rr l  I n c  S i t - t m  A and Step B were made with 600 grit silicon

3 ~ c rb i  de and w i t f i 15 nil ro rr di arncrr d pol I shing abrasives . For 600 grit

S i l l n m m r m  car b ide abras ive , the rate of removal of be ry l l ium oxide was

0.00025 i r i ./mn in . Lapj - i nq prum - nures of 4.-S psi we re used to obtain coverage

of the entir e surface of the  beryl lia plate. Surface roug hness was

degraded to 10-23 microin ir ìec . Increases in polishing times /Step to

10-15 in , were not considered excessive , since Steps A and B could be

combined. Wit h 15 micron diam ond polishing abrasive , similar pol ishing

pressures and time gave removal rates of 0.0004 in ./min . Surface roughness

was 18—22 m ri croin ches .

Subsequently, flat plates with 18-23 microinch surface roughness were

polished with six micron diamond polishing abrasive. Polishing pressure

was not a significant variable influencing the surface finish. The

effecf. of polishing time on surface finish was confounded by the total

number of polishing runs with the new polishing wheel . As the total

fib ber of runs increased , the rate of removal of bery llia during polishing

nearly doubled that in the initi a l runs. As the polishin g wheel became

impregn ated wi t. h d i rm i r ond particles , the rate of removal of mater ial

- ~~~~~~~~~~~~~~~~~~~~
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S t i b i l i - i m c ’ ’  •iri ri t () i0103 1 mm u r n , . The a t t a i n - I  - i i r f c ~~ f i n is h  - c l s o

i : p r o v c - d  w i t h  a -o ’  i t  t l c c -  p o l i l i r i g w t lec  1 , Ste p  C pou r lu ng i m p r ov e d  the

sorf ir e I m r c j - c  to i - S  c i C c u i c u n  t i c ; -

S u b s t r a t e -  t i ’ - - - Step C pol i s h i c i i j  at 8 r ri crn i n h sot -face finish w ent -

poi i shed en a new - heel with th c - c - c mini ron ii m aimiond paste . Again , the

fir m a ] surface In is i i r p ~- r ) v r 1 wi~ In age of the whee l .  Inc reasing the

polishin g pressure to ;ix psi i m - rr - oved the surface fini sh . Polishing

for 10 ~rm d 15 ri m iute ~ gave sot -face fin i she r ; of 3 mic r o i r cc h ” -~ . Since this

surface finish was below th e 4 mic nu inch objective 1nt the program ,

Step E was el icuina ted from the process .

The 0.0003 in ./ n n i n . ra ’ - o~ reu :mnvn l f m a tec i i l dur- inq polishing with

six micron dj ii ir i r i d abr a si -i r was su i t in ien t tn consider t.he elimin ation

of Step A and S t e ; m  B. The input b ery ll Ia p la t - at that time for Type B

and Type C srjh st r .u m us required the r r ’ m - e v c l  of 0.007 in. from the thickness

d imension . Polishing for 1P -i n . r : e v c d 0.0049 in . fronr t tm ie thickness

dimension , u r, lu c i nr i  a 6 mi rc inch  surface finish. r0c rm t i m l u m u s  polishing

for 25 m m .  re m oved t he r e q u i s i t e  0. 0074 in . f rom the thickness dimension

and gave a 6 micro inch surface finish. Steps A and B were eliminated .

Subsequent purchases of input plates for Type B and Type C substrates

were made in accordan with the dimens ional sj i c ’ci ficatio ni s of Table II ,

so the polishing time could t,rm reduced to that nrsesod ry to remove

0. 004 in . from the th icim i ess dime n sion .

The substrates front Ste ! C polishing on ly occl d Inc polished with 3 micron

diamond po lishi na abrasive ~~0 meet the obje t ive ot a wo r! in g surface

w ith a finish of 4 niicroin ches or less. A ni odifi ation of S t e p  C was

adcpt d to improve !mm-1 cPsS innt r o l i mp rove yields , tin! to give a slightly

smoother sur~~i m  - I m ni s h . Th u p i t t -  - n c  (m p01 j . r d  on th e 6 m i r m i m i n  d iamond

_ _ _ _ _ _ _ _ _ _
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wheel for 10 minutes w i t h  a po l is h ing o r c ’ so i J l n  of 1 p s i , In this interval.

most of the plates were polished to a 6 m i c r o i r n m  h surface finish , but so mm u e

of the more hi ghly warped plates did not rc ’ne ive complete surface coverage.

The pressure heads were raised and the parts were inverted or fl i pped

to polish the opposite side of the  p late. Spot checks of the th ickness

were used to estimate the rate of niateria l removal. The plates were

polished on the opposite side for 10 minutes . Thickness dimensions of a

few of the substrates were measured . During these measurements , surface

damage by the micrometer is to be avoided . All parts were rearranged

within the ring and polishin g was continued as long as necessary to obtain

a fully polished surface and a thickness below the maximum permissible.

The workin g surface of the substr atm had a surface finish of 5-6 micro—

inches and the non-working surface was more parallel to the working

surface.

The modified Step C process reduced the pol ishin g time in Step D to 10

minutes . The surface finish was 3-3.5 microinches on all substrates

tested from the Pilot Run .

Cleanliness is an important i tem in a progressive polishing process.

Before installing a wheel , the machine table , rings , and heads should be

thoroug hl y cleaned with soapy water. At the conclusi on of every polishing

run , the substrates should be cleaned immediately in soapy water , or the

part s become permanently stained with diamond powder . To aid the

clean inq process , water-base diamond paste only should be used. A

polishing wheel being removed should be thoroug hly cleaned and dried .

Storage in se~cled p l as tli bags is recommended.

- - —-- .~~~~ ~~~~~~~~~~~~~~ - - - -  _ _ _ _ _ _ _ _ _ _ _
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Lubri i t ion o~ tom e pn1 i tnin ij whi t I O c -loc ri arid t i c  i m l r i  0 c cl i  rises a ui , ture

of 5 m j n t s  .‘i~i t c r  and 1 part c uthy l t m i e  gl yc ol by vc i l n m n ’ r c . App l i ca t i on  of

lri b t - m i m u t  by x - - , ny i n q  shou ld be espen j a l  1’,’ p- - c oo ’ , for a i nO! w i t - e l

just Icc - n y c! I rom Stora , and before c r u d n u t  to o the m u  ial s ta le  if

a new ‘, c r  ins of ruins , e~ g. , the f i rst  r u n  of t i me day w i t h  less than

three sh i f t  - i t e r a t i o n , .

Input p1 atom s ‘ r i  the T — ~- ue A pa ct s we t -n pur r hosc- nf as 101 hined to the

0.013 in. thickness d i r r e rms ion  with a 30— 35 m i n ro in n h su n ’l tir i- f in ish .

Parts are attached t i  t h e  f i n .e of t h e  wr ig ht s ivi th in the r ings w i th

double adhe sive tape. The workin g urn ~lce on ly is p ol i - h cm d inn Step C

w i t h  6 micron dia mni ond u ! n r t s i v e  on the S c i r -c - - I t a n i 12 polishing wheel.

After 10 minu tes pol is hi nn g, the par ts an - ’- Jcc - n  kcmd for the rate of material

removal . Po li sh inn i is continued as n eded to reach the 0.010 in. thick-

ness requireme nt. After clea n ing t hu prirtc and the mach ine , a 3 micron

diam ond polishing wheel was instal lc d. the  s u b s t r a te s  were mounted to

the wei ghts as before and polished for 11) minut es to provide the surface

finish required on the workin g surface.

Dicing or sawing of substrates with the length and width dimensions of

Type A substr ates has been frequentl y performed on thicker plates. With

the Brown and Sharpe Surface Grinder or Do-Al l Grinder equi pped with a

seven inch diameter diamond edge saw blade , the only question was that of

material pull -out as very small chips at the edges of the substrate.

To mi n imize this risk , th e polished substra tes were mounted on the master

saw board w it .h the polished surface upward. The exit direction of the

saw is thereby away fror’u the working surface of the substrate . No

problems of degra dation of the polished sur face were detected ; the

nri rn - ;-iorking surface was also unharmed.
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4 .4 Fl ow 1 1m m rt s  o~ N a i n a t  ic f ur I n n  0 m w  1 - 5 5

4 .4 .1 Flow Char ’t I w~ Type A S u b s t r a t e ’;

Input 1. 1)’ x 1 .0” x .013’ Capac ity Labo r Yield
Per Cycle ~-1an-Hrs . %

s r ne rd f , u n n  12’ 40 Plates 2 .0
6 1-11 c c - mu Di ar m o u r

1 •  and 2 .0 95
Inspec t ion

~~~~, m c ’ farm I 40 Plates 2 .0
3 Micron Di 00011

Clean i ng and 2 .0 95
Inspe tion

lountini 36 Plates 2 .0 100
Saw board

Do-Al l  G r inn de n 2268 Sub- 7.0
Dicinn strates

. 2.5 in ./min.
I,

C ’eani ng ana 4.0 95
Inspect ion

Type A S~ b S t r ~rit  2150 21 .0 85

~~~~~~~~~~~~~~~~~~~~ ~~~- - --~~~~~- V.— -V ~~~~~~ ~ ~~~~.—-- -
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Because the Type A immaterial is unusu ally thin , plate bre akanje

losses occur during attachment of the plates to the wei ghts with

double adhes ive tape and during their removal for inspection .

The attachment -removal from the adhesive occurs twice in the process .

Generall y, breakage occurs at the corners of the plate , which limits

the loss . In the Pilot Run , corner breakage during polishing and

dicing caused the loss of 12 Type A substrates from a potential of

252 parts , for a loss of 5 . Yield improvement and input material

costs would be favored by increasing the thickness of Type A

parts to 0.025 in ., providing this would be consistent with their

application . Since completing the Pilot Run , a bonding material ,

Crystalbond 555 , soluble in hot water , has been successfully used

to replace the tape method of attaching the input plates to the

wei ghts of the Speedfam 12 polisher . This substitution was shown

to decrease the time for mounting and cleaning of the substrates .

This time saving is not incorporated in the Flow Chart for Type A

su bstrates . The use of Crystalbond 555 in the dicing operation

has not been demonstrated. It wi l l  be tested during the manufacture

of similar diced commercial products outside the scope of this

program.

With the contract requirement of 250 Type A substrates , the equip-

ment was operated at about 20-25)~ of capacity in the Pilot Run.

This lo’,~ utilization of capacity still demonstrated a production

rate of 1200 substrates per week of f ive 8-hour days . The Flow

Chart shown utilizes one operator for polishing, dicing, and

c leanin g for shipment of 4000 Type A substrates per week of five

8-hour days. The Pilot Run was performed by one Research and

Developmen t technician for polis hing and one Manufacturing rm a chin i st

for the dicing operation .

~
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4.4.2 Flow Chart for Type B Substrates

Input 1 .0” x 1 .0” x .029 ’ Capacity Labor Yield
per Cycle Man/Hrs. %

Spe edf amr n 24 1 208 Plates 0.5
6 Mi

_
cron Diamnmond j

Inspection ari d 0.75
Reve rsal

Speedf ammi ~ ‘+ 208 Plates 1 .50
6 Micron _ Diamo nd j

Cleaning and 1.0 95
Inspection

________  

$

Speedfam ~‘r 
— 

208 Plates 1 .0
3 Micron Diamond

________ 

$

rc leani~~~d 1  1 .0 95
[j~s~ecf i on I

t
Type B Substrates 187 Sub- 5.75 90

strates

~ 
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With t~e ~u rs t load of the Pil o t Run , t h c  polis h inq wheel had been

rem oved f romn s tora gct a f t c ’  r p r i o r u - s  w i th  6 miii cron diamond .

Insufficien t lubric a nt wa ’ app lied ~c the wheel before attaching

the r i m n os  and i n s u f f i c i n - n n t  lubr icant  was used in the ini t ial

n ’ u i n n s t e s  i n t  polishing. More a t n ial was removed than expected

in  t he fi msr 10 n r i i l u c t o - - . Pressur n .- was reduced to compensate by

reducing n ’ - a f c - r n a l  rers n n na l lun - Ing c i sicron diamond polishing of the

wor !ing surface. Ti ni s - hnn nie in procedure increased the polishing

ti - re t o  
~~ ‘ hie-j c t i n - + nal thi—kness dimension . After polishing with

3 micron - h am m ond , t w i rl t y - n ine  parts were below the 0 .023 in .

I hi c k n c S s  m n n i n i n m n u i i ! . 
n ; t~i, p o rt exceeded the 0.027 in . maximum and

o n e part  h;n d c r acked . The 177 ac cep t ab le parts represented an

85 -~ie 1d , in spite of which a production rate of 1770 substrates

per week of five work days was dem onstrated in the Pilot Run .

Proper lubrication should increase the yield to 90 - or better and

V reduce the cycle time , as was demonstrated in a second cycle with

104 plates in two rings. The Pilot Run was performed by one

Research and Development technician and one Manufacturing machinist ,

both of whom had gained experience in the First Article run .

________ _ _ _ _ _  V. ~~~~~~~~~~~~~~ .~ -‘~-~~V~- ~~~~~~ V~__ V.~~~ ~~~~~~~~~ 
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4.4.3 W Chart for T1pe C Substrates

Input 2 .0” x 2 .0” x .044 ” Capac i t y  Labor Yiel d
per Cycle Man/Hrs . %

Speedfam 24 48 Plates 0.33
6 Micron_ Di an r on ~~J

Inspect ion and 0. 17
Reversal _j

Speedfani 24 
- 

1 48 Plates 0.33
L6 Micro n Diamond

TC1e a ninn and 1 0.50 95

L Inspection I
Speedfamn 24 48 Plates 0.50
3 Micron Diamond]

_ _ _ _  
4

Cleaning and 0.50 95

L Ins pec ti on I

Type C Substrates 43 Sub- 2.33 90
St rates

-~~~~~~~~~~~ — V- —V.V .-~~ - V . -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- —- V -  - V . --- ---V.V . - -- -~~~~~
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In the P f l r n m  ~u mn , polishing of Type C plates immediately fol l owed

the processing of Type B substra tes with both polishing abrasives .

nn c n j c m m1 t l~~, ‘Ice polishin g wheel was closer to the steady-state

condition associate d wl~ in continuous production . With fewer

plates ~~~‘n cycle , cleaning and inspection times during processing

were r c ’ n t c i  c i t . T ine 6 ; n c i n n  on di arm oncd polis hing cycle required 50

minutes plus a 3 m i c r o n  dia m ond cycle of 35 minutes. Five cycles

per shift were completed . With a demonstrated 90,. yield of accept-

able parts , the production rate for two operators in a five-day

week was 1075 substrates per week . Dimensional losses were nil .

Corner breakage through collision of parts in the ring during

polishing was respon sible for the 10 ’- loss. R~duction of this loss

is unlikely, but increases in losses through collision breakage

can be limited by frequent inspection and replacem ent of the felt

backin g of the plates in the ring. The Pilot Run was performed

by one Research and Development technician and one Manufacturing

macbin i st.

4.4.4 P i lo t Run

The Pilot Run was comp leted on the equipment and in the operating

area of Ceramics Manufacturing of Brush We llman Inc. The pilot

line is part of the existing and permanent facili ty described in

Section 4 .2 . Operating personnel consisted of one Research and

Develo pment tec hn i c i an and one Manufac turing mach i ni s t for the

polishing operations and a second Manufacturing machinist for the

dicing operation . The Pi lot Run to produce 250 each of Type A ,

Type B , and Ty pe C subs trates was com p leted in five opera ting days

of one shif t .  Elapsed time was increased by the necessary cleaning

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~ _ _ .~~~~. - -  _~~~~~~~~~~
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of equi pment and changing of wheels between 6 micron and 3 mni icron

diamond polishing and return of the cleaned p olishing wheels to

storage. Elapsed tim nme was also increased by the inclusion of 100

inspection for surface finish and the thickness dimension for the

first complete polishing cycle for each substrate Type , so the

government Project Engineer could factor the yield into the production

rats . The ssrfs~ s f i nish of abo u t 260 substrates was measured

during the Pilot Run , and 100/ had achieved the 4 microinches

center line average objective of the program. Production rates

verified by the government Project Engineer were

Type A 1200 substrates/week

Type B 1770 substrates/week

Type C 1075 substrates/week

The contractual requirement of 1000 substrates per week for simul-

taneous production of the three substrate Types would require one

shift operation of the Speedfam 12 unit and the dicing operation ,

and two shift ope ration of the Speedfam 24 unit in a five-day week .

Productivity per man -hour would be increased by scheduling longer

polishing runs between the 6 micron and 3 micron diamond steps.

V.V.LV. - -  _ V .~~~~~~~~~~~~~~~~~~~~ - . - -~~~~ - -- —-V.-—.-V.--.- ’--.-—.-
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4.5 Data and An aly m ,i~,

Representative samples of the poi ished bery~ ia substrates or special

test specimens , where required , were subjected t o  te sting in accordance

with Electronics Com mand Technical Requirement s SCS-472 dated 21 February

1974, “Super Fine Finish Bery ll ia ” as modified , under the terms of the

contract.

4.5.1 Dimensions

4.5.1 .1 Specification - The dimensions of the substrates shall

be as specified in Table I , paragraph 4.1 .

4.5.1.2 Length and Width Measure mni ents - Measuremen ts of Type A

and Type B substrates are made with a Brown and Sharpe

f lh iCrn ) ’ r- e t e r having a 0-1 in . range , 0.001 in. graduations

with a vernier reading to 0.001 inch . Type C substrates

are nmneasured with a 2-3 in. range Lufk th micrometer , wh i ch

has 0.001 in . graduations. For the small Type A

substrates onl y one measurement of length and width is

meaning ful. The length and width of the Type B and Type C

substra tes are measured at three points with the low

and high readings being recorded .

4.5.1.3 Thickness Measurement - Thickness is measured with the

0-1 in . range Brown and Sharpe micrometer . Type A

substrates are measured at one point onl y, although the

1 in. x 1 in. x .010 in . substrate f rom which Type A

substrates were sliced is m onitored with six random

readings. Six random readings of thickness of Type B

an d Type C substrates are made. The lowest and hi ghest

values are recorded. During these measurements , care 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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is exercised to avoid degradation of the polished

working surface of the sub’ trate with scratch marks.

4 .5.1 .4 Type A Substrates Data -48 sam m nples were measured during

the progr -imn with the results listed in Table III .

All substrates Fn iOt  the specification for length , width ,

and thickness . The variatio n in length and width fol l ows

norm a l distribution , probabl y reflecting vibration of the

saw blade during dicing. The scatter in thickness can

be a t t r ibu ted  to the small nunnber of pol ished plates

which were diced and to the warpage within the plates .

4.5.1.5 Type B Substrates Data - 48 samples were measured during

the program. Since the substrates are square , length

and width results are combined to show the distribution

of low and hi gh values in Table IV . All samp les met the

specification requirements for length , width , and thick-

ness. During the Pilot Run deteririination of yield ,

100. inspection of the 208 parts was made for thickness .

One part was oversize and 29 parts were below the 0.023 in.

minimum. The oversize and undersize parts were rejected

throug h this in-process inspection . Excessive removal

of stock is believed to have occurred because of insufficient

lubrication during the first run with a dry wheel impreg .-

nated with diamond from previous usage. Undersize parts

were not produced in subsequent cycles.

4.5.1.6 Type C Sub r s Data - 48 samp les were measured during

the program. Length and width results are combined to

show the low and high values observed. The data are

listed in Table V. All specimens met the specification

requirements for length , width , and thi n tress.

-
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TABIV. L III

DIMENS 10~~ OF TYPE A SUBSTRATES

Width , Frequency i c-m n j t h  , Freq uc m n y Thickness , Frequency
in . i~ . i n n . 

- -

.0770 1 .lU~ h 1 .0090

.0790 1 .1094 1 .0091 3

.0800 2 .1099 1 .0093 3

.0801 1 .1100 8 .0094 2

.0802 2 .1101 8 .0095 2

.0803 3 .1102 10 .0096

.0804 8 .1103 8 .0101

.0805 10 .1104 1 .0102

.0806 12 .1105 2 .0103 3

.0807 4 .1106 1 .0104 2

.0808 1 .1110 1 .0105 5

.0809 1 .1111 1 .0106 4

.0810 2 .1113 2 .0107

.1116 1 .0108 3

.1117 1 .0109 2

— .111 8 1 .0110 2

.0111

.0112 5

.0113 1

.0114

V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABL E IV

DIM EN SIONS OF TYPE B SUFISTRATFV.S

Le m n ; t i n , Fr c - g n i c - m n  -, Th ick ness  , Frequency
in . Low Hi-Th in . Low H i gh

.996 - ‘t 0 .0230 2 0

.9’s7 2; 0 .0235 2 0

.998 43 0 .O2~€ 1 0

.999 22 5 .0238 4 0

1.000 3 14 .0240 8 5

1.001 0 4~ .0243 3 0

— 1.002 0 23 .0244 3 0

1. 003 0 8 .0245 2 0

1 .0 0 4 0 3  .O2~,S 2 1

.0258 1 1

.0260 1 7

.0261 0 2

.0262 0 3

.0263 0 4

.0265 0 5

.0266 0

.0267 0 2

A
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TABLE V

DIMEN SIONS OF TYPE C SUBSTRATES

Length , Frequency Thi ck n n -ss , Frequency
in . Low Hig h in . Low Hi gh

1.991 2 0 .038 4 0

1.992 1 0 .039 13 4

1. 993 1 0 .040 13 12

1.994 7 0 .041 13 13

1. 995 6 1 .042 5 11

1 .996 14 0 .043 0 8

1 .997 20 0

1.998 22 4

1.999 13 1

2.000 7 4

2.001 3 9

2.002 0 13

2 .003 0 11

2 .004 0 12

2 .005 0 16

2 .006 0 9

:

_ _ _ _ _ _  V. 
_ _ _ _  .— - ~~~~~~~~~~~~~~~~
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4 .5 .2 Substrate Conlp9s ition

4 .5.2 .1 Speci f icat ion - The composition of the substrate shall

not be less than 99.5 bery llia.

4 .5. 2 .2 Test Method - Non-be ry llium metallic elements are deter-

mined by the d .c. arc carrier d is t i l la t ion method wi th a

Jarrel l - Ash Model JA-l lOl spectr ograph . The sum of the

non -beryllium metallic elements is substracted from 100

to give the percen t beryl lia composition.

4.5.2.3 Test Data - The same lot of beryll ia was used throug hout

the program . Several analyses were made in the various

stages and are recorded in Table VI . The slight varia-

tions may reflec t the reproducibility of analysis as

wel l as segregation of impurities .

4.5.3 Surface Roug hness

4 .5 .3 .1 Speci f icat ion - The surface roughness of the working

surface of the substrate shall not exceed 4 .0 microinches

center line aver ag e (CLA ) .

4 .5 .3 .2 T e s t  Method - Surface roughness is measured in accordance

wi th ANSI B46.l-1962 . A C l evi te Sur fanal yzer is used to

give a graphical readi n g. The cutoff width is 0.030 in .

and the stylus speed is 0.1 in ./sec .

4.5.3.3 Test Results - Surface roughness was measured on f ive

Type A parts and two input plates to dicing of Type A

parts , 37 Type B substrates , and 37 Type C substrates .

The results are collected in Table VI I. The data show

that the average surface f inish increases in roughness

as the size of the part increases . This probably

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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TABLE VI

COMPO S ITION OF BER Y L L IA SUBSTRATE S

Impurity % Fty W ei gh t
ElEmn nent F i r s t  A r t i c l  Pi’ot ~un Typc A 

V.

Saimnple 1 Sd mnple 2 Samp le 1 
- Sa mnnpl e 2

Al .0045 .0055 .3033 .0028

Fe .0055 .0050 .0054 .0066

Mg .0990 .1100 .1050 .1000

Si .1 850 .1500 .1 700 .1900

~:0thers .0130 .0154 .0116 .0114

Total .3070 .2859 .2953 .3108

% BeO 99.69 99.71 99.70 99.69

Pilot Run Type B Pilot Run Type C
Samm iple 1 Sai m np le 2 Sa nmnp ie 1 Sample 2

Al .0030 .0032 .0030 .0043

Fe .0048 .0055 .0057 .0052

h g .1080 .1150 .1120 .1200

Si .1800 .2000 .1900 .1700

Others .0114 .0115 .0115 .0115

Total .3072 .3352 .3222 .3110

~ BeO 99.69 99.66 99.68 99.69

Overall Average % BeO = 99.69

~~~- _ _ _ _ _ _ _  ~~V. - ~~~~~~~~~~~ -~~~~ - - - -V.-~~~~ -V~~~~~~~~~~-
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TABLE V I I

SURFACE FIN I SH OF POLISHED SUBSTRATES

Surface Finish , Type A Type B Type C
Working Surface , Substrates , Substra tes , Substrat es ,
Microinches Frequency Frequency Frequency

2.7 1

2.8 2 1

2.9 1 3 2

3 .0 2 4 1

3.1 1 4 0

3. 2 8

3.3 6 3

3.4 6 4

3.5 3 7

3.6 3 14

3.7 2

3.8 2

Wei ghted Average

Microinches 2.9 3.2 3.5

_ _ _ _ _ _ _  ---V ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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reflects the movemen t of p a r t s  w i th in  the pol ishing ring.

The type A p lates were held rigidly in position by the

double adhesive t a p e . The  larger parts were restr icted

only by the th i c k dianniend paste and the felt backing.

4 .5 .4 S i r f a c e Homo~ene ity

4.5.4.1 Specifica t ion — The substrate working sup-face shall be

f ree  of inclusions , scratches , cracks , pits , and blis ters .

4.5.4.2 T e s t  Method - The surface hornnogeneity examination is made

in accordance with ASTI~1 El65 , Test Method B. The visible

Turco Dy-Chek Penetrant WW - 1 is used. Substrates are

examined under 10 and 40 times magnification for defects.

4.5.4.3 Test Results - All 48 samples inspected were acceptable.

The fol lowing cri teria are used at Brush We l lman Inc.

for rejection :

Ble m ish - maximum diameter of one blemish al lowable is

0.020 in ./part

Blister - maximum diameter of one blister al lowable is

0 .010 in ./part

Burr , Fin , Flash - none al lowed

Chip - Type A - 0.020 in . wide x 0.020 in . deep, maximum

Type B and C - 0.040 in . wide x 0.040 in . deep, max imum

Cracks and Laminations — Maximum 0.020 in . from edge into

part

Inclusion - One i n c l u s i o n > 0 .015 in . diameter

Scra tch - With in  su rface f inis h tolerance .

V. ~~~~~~~~~~~~ - V - V  V V _
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4.5.5 Thermal Shock

4 .5 .5 .1 ~pec if icat ion - The substrate when subjected to one cycle

of the test shall show no cracks , pit s . blisters , pores ,

or change of appearance .

4 .5 .5. 2 Test Method - The test substrate is placed on a preheated

beryl lia setter tile in a furnace at temperature and

heated to 500 C ‘10°C and maintained for 15 min utes .

The setter t i le and substrate are removed from the

furnace , and the substra te is slid onto ceramic insulation

at room temperature of 25°C ‘1°C to cool for 10 minutes .

The substrate is returned to the setter tile from which

it is slid into a flask containing liquid nitrogen.

After 10 minutes immersion in the liquid nitrogen , the

substrate is returned to the ce ramic insulation and allowed

to warm to ambient temperature . The substrates are

examined for’ defects according to ASTM Dl16 Test Method D

as in paragraph 4.5 .11 .2 .

4 .5 .5 .3 Test Results - Four samp les of each substrate type were

submitted to the thermal cycle described . No dama ge

resulted from the therma l shock cycle to any substrate .

4 .5.6 Thermal Conductivity

4.5.6.1 Spec i f i ca t ion - The thermal con duc t i v i ty value sha l l  be

no less than 0.61 g-cal /cm 2 /cm/sec/ °C at 25°C and no

less than 0.45 g— ca l /cm 2/cm/sec/°C at 100°C.

4.5 .6.2 Tes t Me thod - Thermal con duc t i v i t y was measure d at 25°C an d

100°C by Theta Industries Inc. by the ASTM C408 test

p roce dures . Exce ptions to the procedure are (1) the test

specimen is 0.500 ~0.001 in . diameter and 0.750 ~O.0O 1 in .

L ~~~~~~~± V . V . V . V V .~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ 
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long and (2) the test specimen does not have any

~eta 1ized surface . The measur ements are made with Type E

thermocouples and a Theta Industries Inc. conductivity

measurement ~ystem , Model 8706.

4.5 .6 . 3  T e s t  Dat a  - Six samples were measured during the course

of the program , supp ly ing the fol lowing :

Sam ple Therma l Conductivity ,
g-cal/cmo /cm/sec/°C

At 100°C

Engineering 0.73 0.52
0.74 0.50

Firs t Art icle 0.85 0.45
0.74 0.45

Pilot Run 0.79 0.48
0 .73 0 .48

The special tes t specimens were made from the same lot

of ready -to-press beryllia powder and were fired under

the same therma l cycle conditions as the substrates .

The specific gravity was 2.91 g/cc for both of the spec i al

test specimens used in the Pilot Run evaluation .

4. 5.7 Dielectric Constant and Loss Tangent

4.5 .7.1 Specificati on - The dielectric constant an d loss tan gent

at testing temperatures of 25 °C and 100°C shall be in

a ccordance with the table below when the measurements

have been ma de in accordance with ASIM 01 50-65 or ASTM 2520-661.

Tes t Die lec t r i c  Constant Loss Tan gent
f~~q~~~çy Minimum Maximum 

At 25°C At 100°C

1 MHz 6 .6 6.8 0.0003 0.0009

1 GHz 6.6 6.8 0.0003 0.0003

10 GHz 6.6 6.8 0.0003 0.00 04
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4.5.7.2 Test Method - A special test specim nen is used at Coors

Spectro -Cher rmica l Laboratory . It is a 1.80 in . diameter

disc of 0.09 in. thickness. ASTM 0150-65 test procedure

for the micrometer electrode technique is used for the

1 MHz measurements at ~5°C and 100°C. The 1 GHz measure-

ments at 25°C and 100°C use the same special test specimen

in test procedur e ASTM 2520-661. The 1 0 GHz measur e-

ments are made at 25°C and 100°C according to test

procedure ASTM 2520-661, using a special test specimen

3.5 in . long and 0.25 in . diameter. Both special test

specimens were made from the same blended lot of ready-

to -press powder and were fired under the same thermal

cycle conditions as the substrates.

4.5.7.3 Test Data - Sixteen mineasurements were made at the 1 MHz

frequency md Six were made for the 1 GHz as well as the

9.3 GHz frecuency . The resul ts are shown in Ta b le V I I I .

Not all of the data meet the original SCS-472 specification

or the contractually modified values l isted in paragraph

4.5.7 .1. Density of the s peci al d i sc  s pecimens wa s

2. 91 g/cc for both specimens used in the Pilot Run

evaluation . Density was 2 .93 and 2 .90 g/cc for the two

special rod samples used in the Pilot Run evaluation .

4.5.8 Volume_Resisti~~t~y~

4.5.8.1 ~~~~~~~~~~~ 
- The volume res i s t iv i ty of the su bstrate

shall be no less than iO’~ ohm-cm at 25°C and no less

than 10 ’ - ~ ohm-cm at 100°C , as contractually modified

from the SCS-472 specif icat ion .

it. I._ ~~~~~~~~~~ V.V~~~ V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE V I I I

DiELECTRIC CONSTANT AND LOSS TANGENT

Test Dielectric Constant Loss Tangent 
~~~~~~~~~~Frequency At 25C C At i0O~t At 2 5CC At 1OO~ C

1 MHz 6.67 6.69 0.00012 0.00010
6.68 6.67 0.00010 0.00013
6.72 6.75 0.00006 0.00012
6.69 6.70 0.00005 0.00011
6.72 6.74 0.00006 0.00011
6.71 6.73 0.00005 0.000O~
6.69 6.71 0.00007 0.00013
6.70 6.74 0.00006 0.00010
6.60 6.64 0.00010 0.00009
6.64 6.64 0.00012 0.00012
6.59 6.68 0.00010 0.00012
6 .65 6 .73 0.00012 0. 00009
6.67 6.75 0.00007 0.00007
6.64 6.74 0.00008 0.00008
6.55 6.55 0.00016 0.00019
6.59 6.59 0.00011 0.00017

Average 6.66 6.69 0.00009 0.00010

1 GHz 6.72 6.72 0.00023 0.00034
6.72 6.72 0.00023 0.00051
6.75 6.73 0.00030 0.00014
6.74 6.79 0.00035 0.00024
6.75 6 .81 0 .00007 0. 00026
6.75 6.81 0.00006 0.00023

Average 6 .74 6 .76 0 .00021 0.00029

9.3 GHz 6.77 6.77 0.00031 0.00037
6.77 6 .77 0.00031 0.00038
6.76 6.77 0.00030 0.00026
6 .76 6 .77 0 .00024 0 .00041
6.77 6.77 0.00007 0.00047
6.77 6.77 0.00008 0.00047

Average 6.77 6 .77 0 .0002 1 0.00039

~~lIii,~
__ - - ~~~ ~~~~~~ 
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4 . 5 .8. 2 Test  Method - The volume resistivi ty measurements were

made at Coors Spectro -Chemic al Laboratory using ASTM

0257 and D1829 (Procedure A ) .  The special  test specimen

is the same 1 .80 in. diameter disc of 0.09 in. thickness

used in paragrap h 4.5.7.2 for dielectric constant and

loss tangent. The measurements were made with a General

Radio Company megohm bridge and a shielded electrode

furnace assembly.

4.5.8.3 Test Data - Six samples were measured during the program ,

supplying the following:

Volume Res is t iv i ty
Sample ohm-cm

At 25°C At 100°C

Eng i neering 2.0 x 101 1.4 x 10~~3.0 x 1 0 11 2.3 x 10 1 3

First Article 3.2 x 10 ’ 5.0 x 10 11
2.2 x l0 ’~ 3.5 x ~Q 13

Pilot Run 1. 2 x l0’~ 2.8 x
1.3 x 10’~ 2.8 x

Contractual modification of the 1011 4 ohm—cm m inimum

at 100°C in the SCS-472 specification to io’~ ohm-cm

was needed after Eng ineering Sample testing. Th i s was

confirmed by the values reported in the First Artic le

and Pilot Run phases of the program .

4.5.9 War pa~~
4 .5 .9 .1 ~~ f i c at i o n  - The warpage of the substrate shall not

exceed 0 .003 in./in.

4.5 .9.2 Test M e t h o d  - The thickness is measured as in paragraph

4 . 5 . 1. 3 and the l owes t reading is recorded. The overa l l

thickness is measured with a dial gage stand from

Mitutoyo Manufacturing Company . This instrument has

~ 

~~~~~~~~~~~~~~~~~~ 
— V. V.- ’ --- - -- --



— 
__

~V.______ _~ ~~~~~~~~ V~~__ V._ - V .— - - — ~~~~~~~~~~~~~~ ~_  ~V.~~_____V.V V.~~~~~~~~~~~~ ___. ~~~~~~~~~~~~~~~ ,~~~~~~~ --  --

paral lel plates w ith a dia m eter greater than the substrate ’ s

diagonal or largest dim lnensi on . The difference between

the two measurements is the total warpage. Total warpage

is divided by the longest dimension of the substrate to

give unit warpage .

4.5.9.3 Test Data - For each of the three substrate types , 48

samples were m easured for warpage. The distribution of

the values is given in Table IX . For the small area

Type A parts , the warpacje reported is more likel y the

difference in thickness between two instruments used

for the same measurement.

4.5.10 Specific Grayj

4 .5 .10 .1 Specification - The specific gravity shall be no less

than 2.85.

4 .5.10 .2 Test Method - ASTM C2O-70 is the procedure used to

determine the specific gravity . Type A substrates have

such small mass that the difference between weighing in

air and in water is less than the accuracy of the anal yt ical

balance . The 1 in . x 1 in . x 0.010 in . substrate from

F 

which Type A substra tes had been diced was monitored

for compliance with the specific gravity requirement.

4 .5 .10 .3 T e s t  D a t a  - Th ree input plates to Type A dicing , 48

polished Type B substrates , and 48 polished Type C

substra tes we re measur ed , giving the frequency distributions

1- - col lected in Table X . The specif ic gravity values are

considerably above the speci f icat ion minimum and slightly

above typical value s ; this might explain the above typical

values of therma l conduct ivity reported in paragra ph 4.5.6.3. 

V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
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TABLE IX

WARPAGE IN POLISHED SUBSTRATES

Un it Value , Type A , Type B , Type C ,
in./ in. 

- - 
Frequency Frequency Frequency

0.00000 28 0 0

0.00005 0 0 4

0.00010 0 19 9

0.00020 0 5 11

0.00030 0 6 8

0.00040 0 0 2

0.00050 5 6 5

0. 00060 0 0 0

0.00080 0 0 6

0.00090 0 0 0

0.00100 8 8 3

0 .00130 0 1 3

0.00140 0 1 0

0.00150 0 0 1

0.00200 7 2 0

~ 
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TABLE X

SPECIFIC GRAVITY OF SUBSTRATE S

Specif ic Frequency (Number of Observat ions)
Gravity Type~~ Type C

2.88 1 0 0

2.89 1 0 3

2 .90 0 4 41

2.91 1 33 2

2.92 0 5 2

2.93 0 2 0

2.94 0 3 0

2.96 0 1 0

V. - -~~~~~~~
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4 .5 .11 Porosity

4.5.11 .1 Specificati on - The substrate shall not show evidence

of dye penetration .

4.5.11.2 Test Method - Method D in ASTM Dl16 is the procedure

for determining porosity . The subs trates are immerse d

in the water washable dye penetrant tank for 10 m m .

After draining, the excess dye is removed by washing in

a rinse tank. The parts are dried , then examined unde r

40 times magnification for dye retention in pores.

4.5.11 .3 T e s t  R e s u l t s  — Brush We llman Inc. inspects for porosity

and rejects for any p it , pock , pore , hole , void , or

porous area (surface dimension) in excess of 0.020 in .

diameter. The 48 specimens of Types A , B , and C inspected

met these requirements .

4.5.12 Flexura l_ Strength

4 .5.12 .1 Specif icat ion - The substrate shall show a flexura l

strength greater than 30,000 psi.

4 .5.12 .2 Test Method

4 .5 .12 .2 .1 Specimen Preparation - Special test specimens
V are made from the same lot of ready-to-press

ber y l l i a pow der and are f i re d un der the s ame

therma l cycle conditions as the substrate . They

are pressed and fired individually to the approxi-

mate dimensions of 0.210 in. b x 0.210 in . d x

1.85 in . 1. The specimens are machined on the

Blancha rd grinder with #100 grit metal-bonded

wheel to the approximate dimensions of 0.185 in. b

x 0.185 in . d x 1 .85 in . 1. Finishing i s done 
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on a sur face grinder w i th  a #320 grit vitrified —

bonded wheel . Finished specimens meet the fol l ow-

ing requirements :

b & d 0.175 ~O.O0l in ., flat and pa rallel to
0.0005 in .

= 1 .85 in .

Surface finish is 20-30 microinch . Specimens

are dye-penetrant inspected for visual defects

as in paragraph 4.5.11.2 .

4 .5 .12 .2 .2 Breaking Procedure - A Dillon Universal testing

mac hi ne , Model N, with a 300 lb. load capacity

is used. The specimen is loaded onto two

supporting kn i fe-edges 1 .75 in. apart. A third

kn i fe-edge is centered between and opposing

the other two , providing a three point loading

apparatus. All knife-edges have a 0.125 in . radius.

Load is applied at the rate of 28 lbs . per

minute . The cross-head speed is 0.062 in . per

minute . Six specimens are broken for a standard

test.

4.5 .12 .2 .3 Calcul at ion of Modulus of Rupt ure

The modulus of rupture is calculated according

to the equation

M of R = 3Pl/2bd-~

where

H of R - mo du lus  of rup tu re

P = b reak i ng load in l bs .

1 span in inches between supporting
kni fe-edges

V.- 
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b = breadth of speci mi men in inches

d = depth in inches (dimension across which
load is appli ed)

The average value for the six specimens is

reported.

4.5.12 .3 Test Data - Ten specinnens were broken in the Engineering

Samples , First Ar t ic le , and Pilot Run phases of the pro granmi .

The average value for each group of specimens was :

Eng ineering Samples 35 ,843 psi

First Article 39,355 psi

Pilot Run 34,998 psi

Only one of the 30 specimens broken was below the 30,000 psi

specification . Its low value of 24,649 psi leads to the

suspicion that the specimen had a machining flaw . Density

of the special test specimens -2 .89 g/cc for six of the

specimens and 2.90 g/cc for the other 24 specimens.

4.6 Specif icat ions Rev iew

4. 6 .1 D i m e n s i o n s  - No change from the dimensions speci f icat ion of the

substrates in Table I of SCS -472 is required .

4 .6.2 Substrate_ Comp ition - No change from the requirement of 99.5 -

beryl lia or above in SCS -472 is required.

4. 6 .3 Surface Roug hness - The requirement of SCS-472 that the surface

roughness of the working surface of the substrate shall not exceed

4.0 microinches center line average (CLA) and a primary objective of

this program remain acce pt a b le wi th out chan ge .

4.6 .4 Surface ~-Iomo~eneity - The speci f icat ion as stated in SCS-472 is

acce p te d , however , to quantify this specification the Brush We liman

Inc. criteria in paragraph 4.5.4.3 are suggested for converting

V.--~~~~~~~——-— - - -V - - —~~~~ ~~~~~~~~~~~~~~~~~~~~~ --
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a subject ive to an ob jec t ive  Sp ’~ it  i c a ti i)rI .

4.6.5 Thermal Shock - The require nnen t~ ~ f SCS-172 are accepted.

4.6.6 Therma l Conductivity - Requirements of SCS-472 are acceptable

for the 25°C testing condition , although the minimum requirement

might be increased to 0 .65 g - ca l / cm n / cm/ sec / °C at  2 5 V C  as a result

of this program. The specification of SCS-472 at 100~C should be

lowere d , if the specific gravity requirement of paragraph 4.5.10 .1

remains at a 2.85 minimum. These two properties are closel y inter-

rela ted.

4.6.7 Dielectric Constant_and Loss Tan~ent - As a result of the data

obtained in the Engineering Samples , First Article , and Pilot Run

phases of th~ prog ram , the dielectric constant and loss tangent at

testing temperatures of 25°C and 100°C should be in accordance with:

Test Dielectri c Constant Loss Tan~entn )

1 MHz 6.6 6.8 0.0003

1 GHz 6.6 6.8 0.0004

10 GHz 6.6 6.8 0.0005

No change from the ori g inal SCS-472 specification for loss tangent

is required . The d i elec tr i c  cons tan t m i n i mum an d max i mum va lues

should be increased as supported by the data reported in paragraph

4.5.7.3 and Table V III. In reality , there shoul d be no max i mum

limitation .

4.6.8 Volume Resistivity - The SCS-472 specification of a minimum value

of l0’~ ohm-cm at 25°C is accepted . The contrac tual mo d i f i c a ti on

that the volume resistivity at 100°C should be no less than l0 ’~

ohm- cm is sustained.

— 
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4.6.9 War~p~~~ - The requirements of Specification SCS-472 are accepted.

4.6.10 Specific Gravi~y_ - The m inimum specific gravity of 2.85 in the

SCS-472 specification should remain unchanged.

4.6.11 Porosity - Specification SCS-472 states that the substrate shall

not show evidence of dye penetration . To make this an objective

specification , the Brush We llman Inc. inspection requirement is

recommended , i .e., no pit , pock , pore , hole , voi d , or porous area

(surface dimension) shall be in excess of 0.020 inch diameter .

4.6.12 Flexu ra l Strength - The minimum value of 30,000 psi in spec i fi-

cation SCS-472 is accepted .

4.6.13 List of Test Apparatus - The list of test apparatus is found in

Table X I.

4.7 Conclusions

It has been demonstrated that a two step progressive polishing process

can be used to produce a super fine finish working surface on beryl lia

substrates with surface roughness reduced to less than four microinches

center line average . Commercially available Thermalox 995 or equivalent

inpu t plates can be used . Installed manufacturing scale equipment was

modi f i ed only to the extent of adding two 24 inch diameter spiral groove

pol i shin g wheels to accom p l i sh po l i sh i n g w i th 6 micro n an d 3 m i cron

diamond paste in the Firs t Article and Pilot Run phases of the p rog ram .

Pol ishing of larger plates from which the 0.080 in . x 0.110 in . Type A

parts were produced by dicing was a substantial cost saving step.

Pro duc t ion ra tes of 1000 polished substra tes per five day week in one

sh ift were demonstrated for each of the three substrate sizes.

-~~~~~~~~~ V.’ - - —
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TABLE X I

LIST OF APPARATUS

Item No. Equipment Manufacturer Model Serial or Date or
No. Inventory Fr equency of

_______ ______ ____ 
No. Calibration

1 Micrometer Brown & Sharpe - QCC-12 1/17/76

2 Micrometer Lufkin — 1943 2/10/76

3 Dial Gage Stand Mitutoyo 7001/ 2918 1/5/76
7003

4 Balance Mettler H-l8 446510 5/21/75

5 Un i versal  Tes tin g D i l l on  M 771 7/1/75
Mach i ne

6 Micrometer Starrett 230 CL-l 1/6/76

7 Micrometer Starrett 2 CL-2 1/6/76

8 Grinder Blanchard 11 3179 N/A*

9 Grinder Brown & Sharpe 824 523-824- N/A
596

10 Spectrograp h Jarre ll—Ash JA-7101 57752 N/A

11 Microp hotometer Jarrell -Ash 2100 25-5945 Each use

12 Ca lcu la ti ng Jarrell-Ash 3001 — N/A
Boar d

13 Photoprocessor Jarre ll-Ash 3410 25-5943 N/A

14 Furnace Lindberg 51 123 20652 N/A

15 Surfanalyzer Clevite 21— 1330— 409 Each use
20

16 Stereo Magni f ier Ol ymp us sZ 20842 5 N/A

17 Q Meter Boonton Radio 26OA 6321 3/4/76

18 Induc tor Boonton Radio lO3A 21 N/A

19 Q Standard Boonton Radio 5l3A 1552 24 mo.

20 Osc i l l osco pe Tektro nix 503 1476 N/A

21 Frequency Counter Hewlett-Packard 52466 816- N/A
01755

22 Null De tector Genera l Radio l232A 1601 N/A

3-1 
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~t~-m No. Equipment Manufacture r Mode l Serial or Date or
No. Inventory Frequency of

No. Calibration

23 Kly stron Pow~ v’ Hewl~ lt-Pa kard 716B 6957 N/A
Supp ly

24 Var l ible Attenu - Hew lett -Pac kn ,d X-332A 10694 24 mo.
at o r

25 Sample Cavity Bureau of Standards - G-8 N/A

26 Sample Cavi ty  Bure-ui of Standar d~; - G—1 N/A

27 Power Meter Hewlett -Packard 432A 1l 4lA 11 975 24 mo.

28 Megohm Bridge General Radio 1644-A 181 24 no.

29 Data Logger Di gitec 1268 - N/A

30 Conduct iv i ty rheta Industries 8706 — 4/15/76
Mea~ ~rn~ en t.
Sys te~i

3 1 1)C rower Supp ly Sore rmson SRL 105 - N/A

32 Therr rmo couples Onmega Engineering E - 4/15/76

*N/A Not Applicable

3-2
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Compari son of the Pi lo t  Run 04mionS f r -2 inn ~ n th m l :  s t i t~-o~— th e—a rt at

the s ta r t  of the proqr ni is d i t  n c u l t  - At the i r i  of the firs t quarter

of the program , Type B s ih5t I t f ~ , n oi j id probably :~ made at a rate of one

part / mmn a n- ho ur w i t h a yield near ~+H-50 using a labora tory-scale Speedfam 12

po l isher - . In the Pilot Run , 22 parts/ man-hour were produced on a

S p e e d f a m  24 po l i s h e r  a t  an N 5 y ie ld. The same technology on the Speedfam 12

po lisher is est i mated to yield over six Type B substrates/man -hour for a

six-fold increase or better as a result of the program . Input beryllia

plate costs for products and losses are a comparatively small fraction

of the final cost of super fine finish beryllia substrates at a 1000

part/week level of production . It is estimated that production costs

were reduce l a factor of five through the program.

4.8 Additional Work Requirements

The evolved pol ishing process is highl y labor intensive , so additional

work should be concentra ted in this area . With appropriate market

requirements , incentive for such activity would be provided by the

profit motive. Obvious areas for improvement include:

(1) Improved method of attaching Type A input plates to the wei ghts of

the Speedfam 12 polisher; success in this direction is promised in

u nited tests of the Crystalbond 555 adhesive.

(2) Automated sorting of input plates by thickness into 0.001 i nch

increments to improve the rate of full coverage on all parts in a

g iven polishing ring.

(3) Automated cleaning of polished substrates by counter-current

w a sh i ng in an u l t rasonic cleaning station equi pped for unattended

dry i n ci .

A L~~ - -- - -
____V._V. -- V. — - ---—-___ s__ -V.-- -  - ~V~~~~~~~~~ V.V.~~ ~~~~ - ~~~~~~~~~~ V - -f l V.—-



—— -—. V. 
~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V. ~~~~.- -—-

-- - V -

-49-
(4) I dentifi cation of a replacement for the DeKhotinsky cement used

to mount parts on the master saw board . Removal of the residual
cement from Type A parts contributes about 40% to the cost of
producing these parts .
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SECTION V

PROCESS MANUAL FOR PEM FOR SUPER FINE FINISH BERYLLIA

5.1 Incomi ri~jnspection of Bery l1ia Pla tes

5.1 .1 D i m e n s i o n s  - Dimensions of the input plates shall be as specified

i n Ta b le I I , which is repeated below :

TABLE II

DIMENSIONS OF INPUT PLATES

All dimensions in inches 
_ _ _ _ _

Typ~_ Length Width Th i c kness

A l . OtO.005 1 .010.005 0.013 - 0.002

B 1 .0-0.005 1.00 .005 0.029±0.002

C 2.0 0.010 2.0 0.010 0.044~O.003

5.1. 2 Thickness Verification and Sorting - Measure the thickness of

all input plates . Reject those plates which exceed the tolerances

stated in Table II. Sort acceptable Type B and C plates according

to thickness , group ing into one nil increments .

5.1 .3 Visual Inspection - While measuring thickness as in paragrap h 5 .1. 2 ,

visual ly examine input plates for cracks and surface defects.

Reject unacceptable plates .

5.2 Pre parat i on of Supplies

5. 2 .1 Lubricant - Prepare lubricant for the polishing process by mixing

one gallon of reagent-grade ethylene g l ycol w it h fi ve ga l l ons  of

distilled or deionized water in a clean container.

5.2.2 Di amond Paste - Inspect all diamond polishing compound to ensure

that it is water-base type . Verify tha t adequate supplies of 6 micron

and 3 m ic ron d i amond pa s te grades ar c a v a i la b l e. Confirm that the

V.—--- 
-—-
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numerical grade of the paste corresponds to that on the polishing

wheel to be used.

5.3 Procedure for Six Micron Diamond Polishing of Type A Plates

5.3 .1 Preparation of Equipment - Thoroughly clear t re Speedfam 12

p olishing machine , retai ning rings , and pressure heads. Install

the 6 micron diam no nd sp ira l groove polishing wheel , identified

by the number 6 s t ampcd on the wheel . Select and confirm that a

tube of 6 micron diamond paste is the only type on tie polishing

table .

5.3.2 Loadj~~ of Polisher - Identify the non-working surface of twenty

Type A input plat E s h i m a r -p ing with a felt ink pen . Attach five

input plates to each of the four dry pressure heads by means of

double -sided adhesive tape . Distribute the parts near the outer

circumference of the pressure head with approximatel y uniform

separation . If the polishing wheel has not been used within the

last hour , generously wet the surface of the wheel with the

ethy lene glycol lubricant. A llow the lubricant to penetrate any

dried paste on the wheel. Position the four pressure heads

F within their retaining rings and locate against the retaining

ro llers . App ly about one-half gram of 6 micron diamond paste

across the face oF the polishing wheel. Apply ethylene glycol

lubricant by spraying from a wash bottle .

5.3.3 O2erat ion of Polisher - Set timer for 10 minutes and start the

mach i ne. During all polishing runs , apply additional lubricant

to maintain a smooth , free-running polishing operation . A foamy

con dition occurs when excessive amounts of lubricant have been

added. After 10 minutes of polishing, inspect parts for full

kV. _ _
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coverage if the ~.un - 1dce by the po l ish ing act ion . If coverage is

c oimip le te , remove pn r t s and measure thickness for in—process

inspect i o n . ~± the th i kn~~-;s is 0 .012 in . or less , proceed to

( leam l i n q  ope t iomn . This is genera lly the case . If polishing

coverage is i rn :on Ilple te or the thickness remains greater than

0.012 in ., repeat the steps in paragraphs 5.3.2 and 5.3.3 until

the coverage ar ci thickness requirements are met.

5.3.4 Cleanin g of Polished Plates - With the completion of a polishing

run , remove the parts and immedi ately i mmerse them in a soapy

water solution , clean with a li ght scrubbing action in the water ,

rinse with distilled or deionized water , and try . Visually inspect ,

reject any broken parts , but retain those with corner breakage only.

5.3.5 Post -Pnl ish ing_ Procedures - If additi onal 6 micron diamond polishing

runs are scheduled , protect- the machine from contamination with

dirt or forei gn matter by covering with a pla stic bag between

runs. W hen the 6 micron diamond polishin g schedule has been

completed , remove the polishin g wheel , clean by washing onl y, and

transfer to a clean pl astic bag. Seal the bag and return the

wheel to storage. Clean the pressure heads and retaining rings in

soapy water , rinse , and thoroughly dry with forced hot air .

Thoroughly clean the pol ishing machine and table . Cover the machine

with a plastic bag, ;f continued usage of the polisher is not

scheduled.

5.4 Procudu re fo r  Thr n Mi cr00 Di amond Pol ish ing of lype A Mates

5.4.1 Preparation of Equ i pment - If the procedure of paragrap h 5.3.5 is

always followed , the polisher is always prepared to receive a

polishing wheel desi gnated for a different grade of polishing
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compound. If not , repeat the mach ine c leaning steps of paragraph

~. 3 . 5 .  In - n il ~he 3 micron diamond spira l groove pol ish ing wheel ,

irlenti f i~~d hy the m umnber 3 stamped on the wheel . Select and confirm

that a tuhi’ of 3 micron diamnond paste is the only type on the

polishing table. Return any other polishing compounds to storage.

5.4.2 Loadi ng of Poli sher - Attach five polished parts processed throug h

paragraph 5 .3.4 to each of the four pressure heads wi th  double-

sided adhesive tape , keep ing the unmarked working surface toward

the polishing wheel . If the polishing wheel has not been used

within the last hour , generously wet the surface of the wheel

with the ethy l enc gl ycol lubricant. Allow the lubricant to

penetrate any dried paste on the wheel. Position the four

pressure heads within their retaining rings and locate against

the retaining rollers . Apply about one-half gram of 3 micron diamond

paste across the  face of the polishing wheel .

5.4.3 Operation of Polish r r - Set timer for 10 minutes and start the

machine. During all polishing runs , apply additional lubricant

by spraying from a wash bottle to maintain a smooth , free—running

polishing operation . A foamy condition occurs when excessive

amounts of lubricant have been added. After 10 minutes of polishing,

inspect the parts for full coverage of the surface by polishing

action . Full coverage is generally achieved during this period .

If coverage is not complete , return the p ressur e heads to the

retaining rings. Reset the time for 10 minutes , start the machine ,

and continue the polis hing as before . After polishing for 10

minutes , inspect the parts again for full coverage by polishing.

Repeat , as needed.
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5.4.4 I- l e a n i m mq ot Pol i sh E d Plates - With the completion of a polishing

run , remove the parts and i mmediately i nmmerse them in a soapy

water solution , clean with a light scrubbing action in the water ,

rinse with distilled or deionized water , and dry . Visually

inspect for cracked or broken parts and newly exposed inclusions.

Parts with broken corners only are acceptable .

5.4.5 Post-Polishing Procedures - If additional 3 m icron diamond polishing

runs are scheduled , protect the machine from contamination with

dirt or forei gn matte r by covering with a plasti c bag between

runs. When the 3 mi cron diamond polishing schedule has been

completed , remove the poli shing wheel , clean by washing onl y, and

transfer to a clean p lasti hag. Seal the bag and return the wheel

to storage. Clean the pressure heads and retaining rings in soapy

wa ter , rinse , and thoroughly dry with forced hot air. Thoroug hl y

clean the polishing machine and table. Cover the machine with a

plastic bag if continued usage of the polisher is not scheduled.

5.5 Dicing of Type A Substrates

5.5.1 Mounting Polished Plates on Master Saw Board - The acceptable

plates processed throug h paragraph 5.4.4 are mounted on a master

saw board , polished surface of the plates being up. The board and

plates are placed on a hot plate . When the set -up is at temperature ,

DeKhotinsk y cement is app l ied andme lted on the parts . After

carefully aligning the beryllia plates to minimize dicing losses ,

the hot plate is turned off so the cement can cool and solidify .

5.5.2 win 9 of Mounted_Pla tes - The mas ter saw boar d an d po Hs h ed

plates are clamped in the holding fixture of the Do—All grinder .

The grinder is equi pped with a seven inch diameter diamond -edge 

- - 
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saw blade of 0.020 inch thickness. The machine has been preset

to cut .110 in. wide str ips in a step and repeat pattern . The

nrmachine speed is set at 3200 rpm and the feed rate is set at

2.5 ~n ./ minute . The .110 jm w ide stri ps a re sawed. The master

board is rotated 90 , the machine is reset to cut .080 in . stri ps ,

and sawing proceeds in a step and repeat pattern .

5.5.3 Recovery of Iype A S u fs t r a t es  - Af ter  dicing, the master board

is heated on a hot plate to melt the DeKhotinsky cement and release

the small parts . Residual cemen t is removed from the substrates

by soaking in warm Jaysol or similar alcohol-base cleaner .

5.6 
~~~2c~~~~~~~~ V.for J~x~ ~~~~~~mop d I~~~~iVJ~P~~!~~~

d C Pla tes

5 .6 .1  Prepa ration of Equipment - Thoroug hly clean the Speedfam 24

polishing machine , retaining rings , an d pressure heads . Install

the 24 in . diameter , 6 micron diamond sp iral groove polishing

wheel , identified by the number 6 stamped on the wheel . Select

and confirm that a tube of 6 micron diamond paste is the only

type on the polishing table.

5.6.2 Loading of Polisher - Load 52 of the Type B input plates of the

same thickness group or 12 of the Type C input plates of the same

thickness groups into each of the four retainin g rings . Type B

and Type C p lates cannot be co -mingled in a retaining ring , but

Type B-contain ing rings and Type C—co ntaining rings can be

simultaneously mounted in the polisher . If the polishing wheel

has not been used within the last hour , generously wet the surface

of the wheel with the ethy lene glycol lubricant. Al low the lubri cant

4 to penetrate any d r i ed paste areas on th e wheel . Place the fel t 

-
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p f ’ r - - i S s i L 1c , r i- d i s t n i l  t i  the parts and resume polishing

f r  the t i me ~V.’s t im na t - -d t o  meet the coverage and thi kness

req  i r’-i ic’n ts

5 .6 .4 Cl ~~ inq of  ~‘o1i shed Plates - Un comnp let ion of th e 6 mi c ron diamond

po ll :;himiq run , remove t I c O  parts and inmmnediat el ,’ immerse t r - in a soapy

wat r solution , clean w i t h  a l iqht  scrubbing ac t ion , rinse w i t h

dist i l led or de ion ized wa ’ m , a n d  dry . Visually inspect for

cracked or br~~m r  ol ites and for newl -/ exposed i ‘ .1 us ions ; re ject

de fec t i ve  pla tes .

5 .6 .5  Pos t -Po l i sh in g  oct -j i r e s  — If addi t ional  6 micron diamond polishing

runs at - i- sr hedu led , p rio t i t the ma -hine from co n ta rn i na t io n  w i t h

dirt or for -ei in i - o t t e r  by cover ing w i t h  a p l a st i c  bag between

r~mns. When the 6 micron diamond polishin g schedule has been

comp le ted , remove the poli h inq wheel , clean by washing onl y, and

tr ansfer to a c lean p las t i c  baq. Seal the bag and return the

whee l to s t o r a g e . Clean the r e t a i n i n g  rings and fe l t  discs in

s oapy w a t e r , a s w e l l  as the pressure heads , r inse , and tho-’ough ly

dry with forced hot air . Thoroughly clean the polishing machine

and table. Cover the machine with a pl astic bag, if continued

usage of the polisher is not scheduled.

5. 7 PrOcedure for Three Mi n-on Diarno’-m-l Po li shin g o Type B and C Plates

5.7.1 Prepa ration p~ V.l~~ e~~~ 
— If the procedu re of paragraph 5. 6 .5

is always followed , the polishe r- is prepared to receive a polishing

wheel desi gnated for a different grade of polishing compound.

If n o t , repeat the ma chine cleaning steps of paragraph 5.6.5.

Install the 3 micr on diamond , 2/i in . diamete r- , spira l groove

_ _ _  ---- - - -— —- - - -~~~~~~~- .  — - —
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polishing wheel • i denti f i ‘ii b, t he re rbe r  3 S t i : ped sri th~ whee l

5e lect and i r r f i n n  that a t ube r~1 3 micron di ar :LrI d paste is t h

or~~y typ e on the pal is h i ’i~ tab l e . Return n r - /  Other - p01 is hing

cormip ourids to s t o r a g e .

5.7.2 Loading of Pol isher - Load 0 uf the T- i p~- B or 12 of the Tvpc- C

plates acceptable a ~t r r  proces s  i rig thr ru~ h p~~ ’ - u t r o ; i h  5 .6 .4  fnia

the same ori g inal th i c kness groups into each ot the four retaining

rings w i th  the full y pol ished side fac ing te’ po l i-hing wheel .

Type B and Type C plates cannot be co-mingled in a retaining ri n g,

but Type B-Lon t oi nin g rings and Type C-containing rin g s can be

simul taneously mounted in the pol isher . Mark  the upper side of

all parts w ith a w a t e r n r c ;o f  fe l t  marking pen. If the po l ish i r in

wheel has not been used within the last hour , generously wet

the surface of the wheel with the ethylene glycol lubricant ,

Al low the lubr icant to penetrate any dried paste areas on the

whee l . Place the- fe l t  backing disc over the parts.  Lower the

pressure heads inside the retaining ring again - ; t the felt disc

and parts . Appl y about one gram of 3 micron diamond pa~te across

the face of the wheel. Generously apply lubricant by spraying

from a wash bottle.

5.7.3 Operation of Polisher - Set timer for 10 minutes with the air

pressure gauge at zero. Start the machine and i mmediately

increase the air oressure to four psi gauge . Continuously app ly

lubri c ant by s pray ing dur ing the run to nmaint a in free-running

polishing action . At the conclusion of the ru n , raise the pressure

heads and the felt disc s .

_ _ _ _ _ _ _  _ _
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5.7.4 Char ri n g of Polished Substrate- - Rem ove the p01 ish~d s i t .: Ot ra ’. , -

ft ’o r the re t a in ing rings and imnred~atc 1 / - - i - ! - 1- t r i - r  in a soapy

w a t a r  so lu t ion , clean wi th  a ligb~ sc ru bb i ng  act ion in t e  wd I. r

rinse with distilled or dei nrized water , ard or- .’ . Vi s u a l l y 1 r - 4 ~ - ct

for ful l  pol ishing coverage;  return un tsc r i t a: le pa rt s  f r  a d d i t i o n a l

polishing. Reject cracked or broken part s and - n y with newl i

exposed inclusions .

5.7.5 Post -Polishing Procedure — If additional 3 micron d iarit r -d po1~ shing

runs are scheduled , protect the machine f ror  contaminat ion w i th

dirt or forei gn ma tter by covering with a pl astic bag between

runs . When the 3 micron diamond polishing schedule has been

completed , remove the polishi n g wheel , clean by wa shin~ only, and

transfer to a clean plast ic bag. Seal the bag and return the wheel

to storage. Clean the retaining rings , felt discs , and pressure

heads in soapy water , rinse , and thoroughl y dry wit 0 forced hot

air . Thoroughly clean the polishing machine and tabl e- . Cover

the machine with a plastic bag, if continued usage of the polisher

is not scheduled. 

~~ —-—~~~~~~~~~ - - - - - - ~~
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SECTION VI

IN-PROCES S QUALITY ASSURA NCE

6. 1 Incomi 
~~9_ ~!i!V.59~~~~~IV.0fl

6.1. 1 Dimensions - 100 inspecti on of the thickness dimension of the

input beryl lia plates is made. Micrometer readin gs are taken at

the four corners of each plate with the 0 -1 in . range Brown and

Sharpe micrometer. Plates exceeding the thickne ss maximum of

Table II are accumula ted until enoug h are available to fill a

polishing ring. Plates with thickness below the minimum of Table

II are rejected. Acceptable Type B and Type C plates are sorted

into groups of one mi l thickness increments . If the supplier has

properly inspected the shi pment , yields throug h this inspection

should approach 100

6.1 .2 Visual In sp ec tion - While checking the dimensi ons , the ber yl l i a

plat e s are v i su all y examined for cracks and surface defects .

Except for damage during shipping, yields through this inspection

should approach 100 - .

6.2 In-process Inspect ion Dur~n~Jype A Substrate Production - The thickness

requirement of the Type A input p lates is obtained by machining the

surfaces to reduce the as-f i red thickness . Consequently, the surfaces

are f la t an d paral l el.

6.2.1 Six Micron Diamond Polishing - After ten minutes of polishing,

the plates are inspected for complete coverage of the surface

by the polishing action . If coverage is complete , the p la tes are

removed . The thickness is treasured at the corners of the p la te

with the 0 - 1 in . range Brown and Sharpe micrometer. This

~~~~~~ _ _ _  - .  - -  
~~~~~~~~~~~~~~~~~~~~~~ — - ~~ - ~~~~~—~~~~~~~-_ -~~~~~~ 
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inspection deteriirin ir-s whether additional polishing is required

to m eet the final thickness speci~ ic- utio n . Visuall y exami ne

for broken pl ates whi ch are rejected . Pla t e s  wi th corners only

lost by breaka ge are re ta ined . Those w ’ t h  broken c o rn e rs  represent

a final loss of about 3 in the dic in c m operat ion .

6.2.2 Three Micron Diamond Polishi ng - / \ f ter 10 minutes of pol ishing,

the parts are visuall y inspected for ful l coverage of the surface

by the polishing action . If coverage is not complete , polishing

is continued. This inspection does not reject any substrates .

6.2.3 Picin ~j - The firs t and last cut of the saw through the polished

plate elim inates bowed or hour -g lassed material fromim the edges

of the plate . During recovery of the diced substrates , the opera tor

must be observant that this sub -dim ensional material is rejected.

6.3 ~~~p~~ce~~ j n~pection During ~~pe B and Type C Substrate_Production

6.3.1 Six Micron Diamond Polishing - Following the first ten minutes of

polishing, the plates are inverted or flipped . During this

c~cration , any cracked or chipped plates are removed and rejected .

The felt d iscs are inspected for damage . After twelve minutes

polishing of the working surface of the substrates , inspection is

made for full coverage of the surface by the polishing actic r A

few of the parts are measured for thickness to give an estimate of

the rate of material removal. This inspection determines whether

further polishing is necessary . Yield is not affected , except

for about 5~ loss as crac ked or chi pped plates through collision

in the retaining rings.

---
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6.3.2 Three Micr on Diamond Polishi ng - Following the ten minute polishin g ,

the substrates are inspected for full surface coverage by the

polishin g action . If coverage is incomplete , polishing is continu ed

for another period . During cleaning of the substrates , visual

inspection is 100 -. to detect cracks or surface defects in the

polished substrates . About 5Y loss of substrates occurs during

the final polishin g step.

_ _ _ _  ~~~~~~~~~~~
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SECTION V I I

IDENTIFICATION OF PERSONNEL

The fo l low ing is a listing of Eng ineering personnel who contributed

efforts to the program throug hout its durati on :

Glenn H . Ree s , Senior Research Engineer , is a 1959 graduate of Penr-

sylvania State University wi th  a B.S . degree in Ceramic Technology . Follow-

ing graduation , he worked as a Development Engineer on chrome oxide and

magnesite refractories with E. 3. Lavino Refractories Company . From 1963

to 1966 , Mr . Rees was Research En gineer for Universal Dental Company studying

and developing crystallizable glasses and high — alumina porcela ins. In 1 966,

he joined thc ~1icroelectronics Division of Philco -Ford Corporation as Process

Engineer in their Circuit Module Group. There he worked with thick-film

conductive and resistive materials as well as fabrication processing of multi -

chip circuits. In 1968, Mr. Rees became Operations Manager of the Power Hybrid

Group of The Silicon Transistor Corporation . In this assignment , he was

responsible for the eng ineering and manufacture of hybrid circuits. In 1970

he joined Brush We llman Inc. as Senior Research Engineer in the Product

Development and Research Division to estab lish a Microelectronics Materials

Laboratory . Work has been performed on the development of beryllia components

hav ing dielectric and conductive thick -film coatings for microcircuit package

com ponen ts . Studies hav e i n c l u ded the s tudy of the effect of ber yl l i a sur fac es

and crystal characteristics on metalization properties as a technical service

con tri but ion throu gh the Ceramic Sales Department to promote technical liais ou

wi th beryll -l a substrate users . A recent assignment is the establishment of

laboratory facilities for thi n-film coating studies by vaporization -condensation

an d sputtering techni ques in p r ep ara t ion for a long range fundamen tal s tudy

of these p rocesses .
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Eu gene [L Nie~ et , PD&R technic ian , graduat ed f rom St . Josep h Hi g h School ,

Fremm iont , Ohio , 1963 . He attended General Motors Institute for one year ,

majoring in Mechanical Eng ineering. He later attended the University of Toledo

for one year , also majoring in Mechanical Engineering . He joined Brush Weliman

Inc . in 1968 as an Anal ytical Assistant in the Spectr ographic Laboratory . In

1972 he transferred to the Product Development and Research Departmen t as a

technician in the Electronic Ma terials Section . There he is invo l ved in

various technical aspects of ceramic materials fabrication , coating and

joining techniqu es , and general electronic applications of beryllia ceramics.

Dr. Kenneth A. Walsh , Associate Director , Corporate Technology , was

graduated from Yankton College in 1942 with a B.A . degree . His graduate

studies were interrupted in 1943 , when he started work on the Manhat tan

Project a t Ames , followed by a transfer to Los Alamos from 1944 to 1946.

Hi s earl y work concerned the chemistry of uranium and plutonium . Fol low i ng

Wo rl d War I I , he resumed his graduate studies doing research on berylli um

and zirconium for which he received the Ph .D. degree in physical chemistry

at Iowa State University in 1950. Following a year as Assistant Professor

at Iowa State University , Dr. Wals h r eturne d to Los Alamos Sc ie nti fi c

Laboratory to work on solvent extraction processes , the pyrometallurgy of

nuclear fuels , and the advanced chemistry of plutonium and americium from

1951 to 1957 . In the 1957-1960 period he was Supervisor of Inorganic

Chemical Research and Acting Manager of the Florida Experiment Station of

International Minerals and Chemical Corporation . He joined Brush Wel iman Inc.

in 1960 as a Research Manager whose duties were gradually expanded from

extractive metallurgy to chemical metallurgy to chemical metallurgy and ceramics .

Administrative assignments in the Product Development and Research Division

include tec nic al support of the Elmore Ceramics Manufacturing and Sales

- - -- - V. -- - -- -- - -- --~~~~~~_ -~~~~~~- --- V.-— -- - —_ ~~~~~ - - . - -
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Departments , -i~~eii1s eng ineering approaches at Sawyer Research Products Inc.,

and recent entries into Corporate thin - film rimeta liz ation and hydrotherma l

research programmms .

Total efforts direc ted towa rd completion of the contract are distribu ted

as fol lows:

Man-Hours

Nieset , E. 722

Rees , G. 728

Walsh , K . 570

Manufacturing Personnel 262

Grand Total 2282
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4’ TTL : Mr. Michael Sco tt
464 Ull i s Street
M ountain View , Calif ornia 94040

Uzt ti onal IIery ll.ia Corporation
.j ~~.: Dr. P. Fleischner

t asUel l , i . J .  07420

Cered ’. ne 1
~ 94: iu l l L ri p ht ~‘.venue (Mr . J . lioskowitz)
C i . a t - ~~,o r tU , Calif ornia 91311

U r u s d  Welj.man Inc . 1
Cc -rar V. ic  C- - :-o n—: etalli c Products
d i l l  o re , Ohio 43416

Coors ~orcelain Couipany 1
GCO Uinth Street
Golden , Colorado L0401

M aterials Research Cor poration 1
Route 303
CrarlZeburC, I-..?. 10962

A ricric an Lava 1
4. rn :: A. Ilu llander
Cherokee Boulevard
C1i a ttr~ioo a , Tennessee 37405

FreIlcN towl l Porcelain 1
Divis ion of P1 ossey , Ltd.
1 roe c i t  t - w i i , P • J . 0b&25

Eawcc Li i ;ery lco , Ind. 1
• ( . P-ox 1462

t ic a di l il ,  i c l I n s y lv an i a  19603

L itt J i - i n st r i e s  1
4 4 ~~ rtr ( I J)jvi~ ion
2 (0 Las t i iin’ ve r Avenue
i & c r r i : , t lains , U . J .  07950

i .oE ; . ;ant i-Ic sea rc h Corporation 1
~ 1T:: F. J . Uin; Io~
~tat ion U , Lox 8

t ) . 1 ’ t ( - I t  , ( I t o  15407
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~iSTR IBUTI0N LIST

Co n t r ac t  No. DMBO7-74-C-0606

ç~pies

3 M Company 1
Attn: Joseph T . Ba iley
3 M Center
Bldg. 207 -lW
St. Paul , Minn. 55101
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